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Overview 
• EJSM Mission and Europa 
• Proton Testing at Indiana University Cyclotron Facility (IUCF) 
• Samples Tested 
• Results 
• Visual Inspection 
• Conclusions 
Goal 1: Determine if the Jupiter 
system harbors habitable wo~ds 
- Ocean characteristics 
- Ice shells and subsurface water 
- Deep Internal structure, and (for 
Ganymede) intnnsic magnetic field 
- External environments 
- Global surface compositions 
- Surface features and future landing sites 
Goal 2: Characterize Jupiter 
system processes 
- Satelhte system 
- Jupiter atmosphere 
- Magnetod1sk/magnetosphere 
- Jovian system Interactions 
- Jovian system ongm 
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Explore Europa to Investigate Its Habitability 
Objectives (prioriti=ed): 
Ocean and Interior 
Ice Shell 
Chemistry and ComposiUon 
Geology and Landing Sites 
Jupiter System 
- Satellite surfaces and mtenors 
- Satellite atmospheres 
- Plasma and magnetospheres 
- Jupiter atmosphere 
- Rmgs 
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JEO Radiation Environment 
• Four major sources of radiation 
- So11rtn011etlc p•rtoclts durln1lnWl)l,nourv cn,I .. (protons. el«troru, ond 
M,vyloru) 
-G1loctlcco....lc roy, durin1 lnterplonot,ry cn,bo (protons 1nd he•vv Ions) 
-Trapped p1rtldt1 (n Jovian Ml&flttosphtre duf'lnc Jcwlan tour and orbits of 
Europa (•le<trons, protons, end hHvy Ions) 
-Particles from on~rd nudtar Power soorce (neutrons and pm mas} 
• The high-energy trapped electrons and protons are dominating 
contributors to Total Ionizing Oose (TID) and Displacement 
Damage Dose (ODO) 
• Expected radiation dose ls 2.9 Mrad (SI) behind 100 mil Al 
• Proton testing chosen as an lnltlal screening 
IUCF Proton Test Setup 
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Proton Test 
Cel (RERP2) 
Optical Components for 
Proton Testing 
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Ceramic Laser Rod Samples 
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Ceramic Laser Rod Samples 
Co-doped Samples J" Exposure 
---
Ko•p Q-Switch Sample 
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Ceramic Laser Rod Samples 
Co-doped Samples 2"d Exposure 
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1064 nm Bandpass Filters 
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Visual Inspection of Samples 
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Before ,xposure Alter Proton hposu .. 
Samples showed sian1flcant darkenln& In the v1slble waveleneth 
r,n&es oven though most ••hiblttd htti. proton•lnductd opt~I 
transmlsMOn los.s at 1064 nm 
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• Se.era! standard lase r mater!als and some polycrystalline (ceramic) laser 
mater,.ls lrrad111-d at promn fluences Int!.. 1·2 x 10" p/cm' ranee (2·3 Mrad) 
Mort matemls showed little to no rad'iatlon·lnduc:ed dtrlcenlnc at 1064 nm 
- Co-<loptd ct,.mlc .. mpltt showtd noS<COlficontd1rlotnln1 
- Sln,tt-<loc>td cenm,c .. mples sllowed lnit,ollon or0.4.0/6 d8, which subcliitd for 
rtm11nd1roftt1t 
- Nd:YAG ind KD' P Q-swltch showed no 111n1fl<1nt dirl<enlnt 
Mort materials exhibited photodarlcenlng at vlslblt wavelengths 
- S:32 nm bandpass fitter showed large 8 dB klss dunna p~ton eJ1:posu,-
For additional information please see our website 
http://photonics.gsfc.nasa.gov 
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